This study aimed to investigate the factors associated with sarcopenia in elderly residents in three nursing homes in Suzhou City, East China including the association with nutrition and physical exercise.
Background
Changes in the musculoskeletal system associated with aging are a serious concern in the elderly population. Sarcopenia was first described in 1989 by Rosenberg to describe reduced muscle mass and decreased muscle strength associated with aging [1] . With the increased understanding of sarcopenia, in 2011 an international sarcopenia working group defined sarcopenia as an 'ageassociated loss of skeletal muscle mass and function' [2] . Previous studies have shown that muscle loss after the age of 30 years occurs at a rate of between 1-5% per year [3, 4] . Muscle loss of 30% can affect normal muscle function, and muscle loss of 40% can threaten life, and rapid skeletal muscle loss in the limbs is an independent risk factor that predicts all-cause mortality [5] [6] [7] .
Age-related loss of muscle is often accompanied by an increase in intramuscular and visceral fat content [8, 9] , but reduced subcutaneous fat. Increased intramuscular fat content induces a decline in physiological functions of muscle and movement disorders, including unsteady gait and falls [10] . Therefore, the early identification and prevention of sarcopenia and its complications are essential to improve the quality of life of the elderly population. Previous studies on sarcopenia have mainly focused on elderly residents in the community or hospital inpatients. However, in the developed eastern regions of China, a large number of elderly people choose to spend their later years in nursing homes. The effects of nutritional habits and physical exercise on the prevalence of sarcopenia in older adults in nursing homes remain poorly understood.
Therefore, this study aimed to investigate the factors associated with sarcopenia in elderly residents in three nursing homes in Suzhou City, East China including the association with nutrition and physical exercise.
Material and Methods

Participants
This case-control study included elderly residents of three retirement homes in Suzhou City, East China. The study was conducted between September 2016 to April 2017. The study included elderly people aged more than 60 years of age who voluntarily participated in the study and signed informed consent. The exclusion criteria included elderly individuals with cognitive impairment, speech impairment, or hearing loss, individuals with mental illness, severe metabolic disease, organ failure, individuals who had a pacemaker or artificial joint, serious disability, incomplete clinical information, or who refused to participate in the study (Figure 1 ). This study was approved by the Ethics Committee of Suzhou Municipal Hospital, and the written consent was obtained from all participants.
Evaluation using an electronic questionnaire
The data of elderly people in three nursing homes, the Jinshi Community, the Chunhui Nursing Home, and Yiyang Elderly Apartments in Suzhou City were studied using cluster sampling. Study investigators received training to conduct faceto-face interviews and evaluations using an electronic questionnaire before physical examinations were performed by the professional medical staff.
The questionnaire recorded data on gender, age, marital status, education level, height, weight, upper arm circumference, calf circumference, contents of upper and lower limb muscles, grip strength, pace of movement, and frequency of eating protein from meat, fish, eggs, soy, and tofu (>50 g/day), dairy products including milk and yogurt (>200 g/day), calcium supplements (>300 mg/day), vitamin D supplements (>400 IU/day), duration of weekly aerobic exercise that included jogging, cycling, swimming, and tai chi, and duration of weekly resistance training, including climbing stairs, and weight training.
Measurement of muscle mass
Muscle mass was measured by bioelectrical impedance analysis using a DBA-210 human component analyzer (Beijing Donghuayuan Medical Equipment Co., Ltd., China). Before measurement of muscle mass, the study participants went without food and drink for two hours and measurements were performed with the participants with clothing removed from their arms and legs, and barefoot. Study participants stood still on the test platform of the foot electrode and held the handle electrode with arms straight about 30° away from the trunk while the measurements of muscle mass were recorded.
Measurement of grip strength
After adjusting the grip distance, a Jamar dynamometer (Sammons Preston, Bolingbrook, IL, USA) was used to measure the grip strength of the arm when the participants held the grip in a sitting position, with the upper arm and forearm 
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at a 90° angle and the testing arm slightly abducted at 30°. The maximum value in the two tests was taken as the grip strength and used for statistical analysis.
Measurement of the pace of movement
The start and end points of a 4-meter straight line were tagged with a colored ribbon. The time when the first foot crossed the ribbon was taken as the start and, the pace of movement was calculated with the distance divided by the difference between start and end times measured using a stopwatch. The fastest pace of movement in two tests was used in the final statistical analysis.
Measurement of the upper arm and calf circumference
The upper arm circumference was measured around the arm at the midpoint between the acromion and the olecranon of the ulna, with the upper limb in a naturally hanging state. The calf circumference was measured with the tape placed horizontally around the thickest part of the calf while the legs were separated by a distance equal to the shoulder width.
Diagnostic criteria for sarcopenia
Sarcopenia was diagnosed according to a consensus report of the Asian Working Group for Sarcopenia ( Figure 1 ) [11] . Reduced muscle mass was defined using the appendicular skeletal muscle mass index (ASMI) calculated as the appendicular skeletal muscle mass/height 2 (men <7.0 kg/m 2 and women <5.7 kg/m 2 ) according to measurement using bioelectrical impedance analysis. Reduced pace of movement was defined as a step speed <0.8 m/s. Low muscle strength was defined as grip strength <26 kg for men and <18 kg for women. The elderly people who met the diagnostic criteria were included in the sarcopenia group. The control group included the nonsarcopenia group.
Statistical analysis
Data were statistically analyzed using SPSS version 17.0 software. Data for the measurements were expressed as the mean ± standard deviation (SD). The t-test was used for comparison between two groups, and analysis of variance (ANOVA) was used for comparison between multiple groups. Measurement data were represented by the percentage or rate and a chisquared (c 2 ) test was performed to compare the groups. Pearson's correlation analysis was used for continuous variables, Spearman's correlation analysis was used for classification variables, and logistic regression analysis was used to analyze sarcopenia-associated factors. P<0.05 indicated a statistically significant difference.
Results
Comparison of demographic data between study participants with or without sarcopenia There were initially 370 participants in the study, and 316 met the study inclusion criteria (112 men and 204 women). The prevalence of sarcopenia was 28.8% (30.4% for men and 27.9% for women). No significant differences were found between men and women. Reduced height, body mass, body mass index (BMI), upper arm circumference, calf circumference, arm muscle mass, lower limb muscle mass, limb skeletal muscle mass, the appendicular skeletal muscle mass index (ASMI), grip strength, and pace of movement, and increased age were found in the sarcopenia group compared with the control group (Table 1 ).
Pearson's correlation analysis of sarcopenia-associated indicators in the elderly population
Pearson's correlation analysis showed that regardless of gender, ASMI was positively correlated with body mass index (BMI), upper arm circumference, calf circumference, upper limb and lower limb muscle mass, grip strength, and pace of movement in the elderly population. Pace of movement and grip strength were negatively correlated with age. A positive correlation was also found between upper arm circumference and arm muscle content, between calf circumference and lower limb muscle content, between upper limb muscle content and grip strength, and between lower limb muscle content and pace of movement. ASMI, calf circumference, and muscle content of the upper and lower limbs were negatively correlated with age in elderly women (Table 2) .
Dietary intake and the prevalence of sarcopenia Significant differences were found in the prevalence of sarcopenia between the groups with different dietary intake of meat, fish, eggs, and milk. However, no statistically significant difference was found for the prevalence of sarcopenia between the groups with different frequencies of intake of soy products, calcium supplements, and vitamin D supplements (Table 3 ).
Pairwise comparison of the effect of dietary intake on the prevalence of sarcopenia
Pairwise comparison showed that the frequencies of intake of meat, fish, eggs, and milk during 4-7 days per week were associated with the lowest prevalence of sarcopenia in the elderly population. No difference was found in the prevalence of sarcopenia for dietary intake of protein between the 1-3 days/week group and the 'never eat' group. Different prevalence of sarcopenia was found for intake frequencies of meat or milk, but not for fish or eggs, between the 4-7 days/week group and the 1-3 days/week group ( Duration of weekly aerobic exercise and the prevalence of sarcopenia A significant difference was found in the prevalence of sarcopenia between the groups with different hours per week (<150 min, 150-300 min, 300-450 min, and >450 min) of aerobic exercise, such as walking, cycling, swimming, and tai chi (c 2 =16.28; P=0.001) ( Table 5) .
Duration of weekly resistance training and the prevalence of sarcopenia Significant differences were found in the prevalence of sarcopenia between the groups for different duration of weekly resistance training (<40-90 min, 90-120 min, 120-180 min, and >180 min) that included climbing stairs, standing from sitting, weight training, and standing on tiptoe (Table 6 ). Table 4 . Pairwise comparison of effect of intake frequencies on prevalence of sarcopenia.
G1 -4~7 days/week; G2 -1~3 day(s)/week; G3 -never eating. increased intake frequency of dietary meat, fish, eggs, and milk, and long duration of aerobic exercise and resistance training were negatively correlated with sarcopenia (Table 7) .
Control
Logistic regression analysis of factors associated with sarcopenia
Logistic regression analysis of sarcopenia with other related factors showed that age was positively correlated with the risk of sarcopenia, but increased BMI and intake of meat, eggs, and milk were negatively correlated with the risk of sarcopenia (Table 8) .
Discussion
The prevalence of sarcopenia was 28.8% (30.4% in elderly men and 27.9% in elderly women) at three retirement homes in Suzhou City, with no significant difference between men and women. This finding was higher than the prevalence of sarcopenia in Taiwan or Japan reported by Wu et al. and Tanimoto et al. [12, 13] . Fielding et al. reported that the prevalence of sarcopenia in European and American populations was 7-27% in men, 10-23% in women, and was between 30-50% in the population aged 80 years and older [2] . The prevalence of sarcopenia has previously been reported to increase with age and was reported to be higher in men than in women [14] . However, Coin et al. reported no gender difference in the prevalence of sarcopenia in the elderly population [15] . Therefore, the prevalence of sarcopenia in the present study was higher than that found in previous studies. These differences might have been caused by differences in race, study inclusion criteria, and diagnostic criteria of sarcopenia [16] .
Grip strength, walking speed, and limb muscle index are the three common indicators for diagnosing sarcopenia, as recommended by the Asian sarcopenia working group. Two indicators of physical function, grip strength and walking speed, significantly correlate with poor prognosis, disability, and mortality due to sarcopenia [17, 18] . The results of the present study showed that the age of the population with sarcopenia was significantly higher, whereas BMI, grip strength and walking speed were significantly lower, compared with a normal population. Pearson's correlation analysis indicated that the appendicular skeletal muscle mass index (ASMI) of both men and women in the elderly population positively correlated with BMI, grip strength, and pace of movement, which has been previously reported [19] . Also, a positive correlation was found between upper arm circumference and arm muscle content, calf circumference and lower limb muscle content, the content of the upper limb muscles and grip strength, and lower extremity muscle content and pace of movement, but pace of movement and grip strength were negatively correlated with age. These results indicated that physical function, including grip strength and movement, had the tendency to decline gradually with the increasing age. The muscle content of the limbs affects their function, and with the decline in physical function, the prevalence of sarcopenia increases [20] . Preserving limb muscle content can delay the decline of grip strength and pace of movement, postpone the occurrence and development of sarcopenia, and reduce the risk of the poor prognosis associated with sarcopenia [17, 18] .
An adequate intake of nutritional supplements and protein and energy balance as part of a program of therapy in the elderly can help to prevent or reverse sarcopenia [21] [22] [23] . This study found that a regular and frequent weekly intake of meat, fish, eggs, or milk was correlated with a low risk of sarcopenia in the elderly population, but the intake frequency of bean products, calcium supplements, or vitamin D supplements had no influence on the prevalence of sarcopenia. This finding was consistent with the findings reported by Beasley et al. [24] . The effect of animal proteins on increasing muscle mass is greater than that of plant proteins, which may be related to the fact that animal proteins can provide more energy and improve muscle function more efficiently. Animal-based proteins, such as milk protein, are rich in casein and whey protein and can better promote muscle protein synthesis, increase muscle mass, improve muscle strength and pace of movement, and improve movement when compared with soybean protein [25] .
In the present study, further analysis showed that the frequency of intake of meat, fish, eggs, and dairy products in the 4-7 days/week group was associated with the lowest prevalence of sarcopenia. No difference was observed in the prevalence of sarcopenia between the 1-3 days/week group and the never eat protein group. These results suggested that high protein intake might help to reduce the risk of sarcopenia. The current dietary protein recommendation of 0.8 g/kg/day may not be sufficient to maintain the normal functioning of skeletal muscles in the elderly population [24] . Previous studies have shown that supplementing the diet with more than the recommended amount of protein can improve muscle function in the frail elderly population [26] . Muscle synthesis is reduced in patients with protein deficiency, and it may be more appropriate for elderly people to increase their total protein intake to 1.2-1.5 g/kg/day [27] . Studies have shown that vitamin D supplementation is beneficial for preventing sarcopenia [28] . In 2014, the European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis recommended that vitamin D should be used at a dose of >800 IU/day to prevent sarcopenia [29] . However, in the present study, the findings did not show any impact of different frequencies of intake of oral vitamin D supplements on the prevalence of sarcopenia, possibly because fewer people took vitamin D supplements, or because the dose was insufficient.
This study showed that aerobic exercise and resistance training could reduce the risk of sarcopenia, which was consistent with previous studies that showed that aerobic exercise, endurance exercise, and resistance exercise could increase muscle mass and strength in patients with sarcopenia [30] [31] [32] . Extending the duration of aerobic exercise leads to increased numbers of mitochondria, enhanced enzyme activity, increased muscle protein synthesis, and increased muscle mass [31, 33] . Resistance training increases muscle mass, strength, and muscle fiber volume and reduces myostatin synthesis [34, 35] . These mechanisms may explain why aerobic exercise and resistance training reduce the prevalence of sarcopenia [36] .
Univariate analysis in this study showed that sarcopenia was positively correlated with age and negatively correlated with increased BMI, upper arm circumference, calf circumference, increased frequency of intake of dietary meat, fish, eggs, and milk, and duration of aerobic exercise and resistance training. Regression analysis showed that age was a risk factor, but increased BMI and intake of meat, eggs, and dairy products were protective factors for sarcopenia. These findings are supported by the findings from previous studies that reported that increased age was a risk factor for sarcopenia and increased BMI was a protective factor for sarcopenia in the elderly population [24, 37] . These findings indicate that the appropriate supplementation of high-quality animal proteins, such as meat, eggs, and milk, could help delay the occurrence and development of sarcopenia.
Anthropometric methods, such as measurement of upper arm circumference and calf circumference, can be used to indirectly determine muscle mass in a risk prediction model for sarcopenia, but are affected by the increase in body fat content and the decrease in skin elasticity during aging, and their correlations with sarcopenia may not be significant [38] . However, in the present study, univariate analysis showed that the duration of aerobic exercise and resistance training were negatively correlated with the risk of sarcopenia, but regression analysis did not find a reduction in the prevalence of sarcopenia with increased duration of aerobic exercise and resistance training. This finding was similar to the findings of previous studies that the improvement in the muscle function of high-intensity resistance training had similar results to lowintensity resistance training [39] . This finding might be due to the significant increase in muscle mass and improvement in function needed for the longer duration of exercise [39] . The relationship between duration or intensity of exercise intervention and the prevention of sarcopenia deserves further investigation.
This study had several limitations. First, in the elderly population studied, the presence of chronic diseases and therapeutic drugs not identified in the study might have affected indicators such as muscle strength and walking speed, leading to bias in the results [40] . Second, the last revised European consensus on the definition and diagnosis of sarcopenia recommended that dual-energy x-ray absorptiometry (DXA) is the method commonly used for analyzing body composition and muscle mass [41] . However, in this study, muscle mass was measured by bioelectrical impedance analysis, rather than using imaging methods such as computed tomography (CT) or magnetic resonance imaging (MRI) [42] . Although the method of bioelectrical impedance analysis was more practical, convenient, and economical, may not be the most accurate method [14] . Third, this study enrolled elderly people from urban communities or retirement institutions but not from rural regions, and was not fully representative of the Chinese population. Finally, this study was a cross-sectional survey, and it was difficult to determine the causal relationship between sarcopenia and other influencing factors. These limitations support the need for further validation of the results in future largescale controlled studies.
Conclusions
This study reported a prevalence of sarcopenia of 28.8%, 30.4% for men and 27.9% for women, in three elderly retirement homes in East China. These study findings showed that increased age was associated with an increased risk of sarcopenia, while a high-quality protein diet reduced the risk of developing sarcopenia. The findings indicate that there are feasible measures that can be used to prevent sarcopenia and improve the quality of life of the elderly.
